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Figure 1. Localization and Speculated Trafficking Route of
RAB-A5c
Quantitative microscopy showed that a tagged version of RAB-A5c localized
to the geometric edges of cells where two planar walls meet. Experiments
based on mutated forms of RAB-A5c suggested that the GDP-bound form
may be recruited from the cytoplasm to the TGN. There, interaction with its
nucleotide exchange factor would lead to a GTP-bound state, with subse-
quent trafficking on an exocytic pathway to the edge compartments.
Following GTP hydrolysis, the protein would cycle back to the cytosol.
(Graphic by Ramin Rahni.)
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Previewscompartments in edge traf-
ficking specifically. This will
require additional character-
ization of these edge com-
partments, as well as finding
perturbations that can target
them exclusively. How does
the RAB-A5c compartment
expressly affect the mechani-
cal properties of cell edges in
terms of edge loosening or
stiffening? In addition, the
precise route and destination
of the RAB-A5c compart-
ments remains somewhat
unclear. And, critically, if these
compartments are specif-
ically bound for the plasma
membrane or nearby regions,
what is their cargo?
Interestingly, the Rab-A
clade of highly conserved
RAB GTPases has undergone
extensive radiation in plants.
One possibility is that some
of this radiation, including
RAB-A5c, may represent in-novations in ancestral trafficking mecha-
nisms that evolved to cope with cell wall
requirements. Thus, RAB-A5c has the
potential to shed light on trafficking
mechanisms that can be targeted to
highly specific regions of the cell—a prob-354 Developmental Cell 36, February 22, 201lem common to both plant and animal
developmental cell biology. In addition,
the RAB-A5c compartments could shed
light on how plants adjust the mechanical
properties of cell walls locally to maintain
stable shapes.6 ª2016 Elsevier Inc.REFERENCES
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In this issue of Developmental Cell, Pan et al. (2016) identified in cells of the social amoeba Dictyostelium a
G protein-coupled receptor (GPCR) that recognizes a chemoattractant secreted by bacteria. This work un-
covers a mechanism by which a single GPCR mediates pseudopod extension during cell migration and bac-
terial engulfment.Chemotaxis and phagocytosis are impor-
tant processes for removing infecting
bacteria and clearing dying apoptotic
cells in the human body (Bloes et al.,2015; Mun˜oz et al., 2010). For example,
immune cells such as macrophages, neu-
trophils, and dendritic cells sense, chase,
and eat bacteria through directed cellmigration toward bacteria (chemotaxis)
and engulfment of bacteria (phagocy-
tosis). These two mechanisms involve
common processes such as the
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Previewsrecognition of bacteria via surface
receptors, amplification of intracellular
signaling, and reorganization of the actin
cytoskeleton to drive pseudopod exten-
sion. Chemotaxis receptors are primarily
seven transmembrane GPCRs. On the
other hand, phagocytosis receptors are
mainly Fc- or toll-like receptors.
The social amoeba Dictyostelium dis-
coideum exhibits robust chemotaxis and
phagocytosis and has been used as a
model organism to study these processes
(Wang et al., 2011). Dictyostelium cells
respond to two distinct chemoattractants:
folic acid, which is released from bacteria,
for growth, and cAMP for differentiation
upon nutrient deprivation. Four cAMP re-
ceptors have been identified, and their
signal transduction mechanisms are well
characterized. It has been suggested that
there are likely two biochemically distinct
mechanisms for folic acid recognition.
However, the identity of these folic acid
receptors has remained elusive thus far.
Similar to chemokine receptors in
mammalian cells, cAMP receptors are
GPCRs and function with Ga2 and Gb.
There is only one Gb in Dictyostelium, in
contrast with five Gbs in humans (Prabhu
and Eichinger, 2006). It has been long
believed that folic acid receptors are
also G protein coupled because both folic
acid chemotaxis and bacterial phagocy-
tosis require Ga4 and Gb (Gotthardt
et al., 2006; Nguyen and Hadwiger,
2009; Peracino et al., 1998; Wu et al.,
1995). Furthermore, studies have sug-
gested that chemotaxis toward folic acid
and cAMP share common downstream
signaling components and mechanisms
involving Ras GTPase activation and
phosphatidylinositol (3,4,5)-trisphosphate
(PIP3) production regulated by PI3-kinase
and PTEN (Chen et al., 2012). To better
understand these two major chemotactic
signaling mechanisms on the molecular
level, it is critical to identify missing folic
acid receptors.
To tackle this key question, a study in
this issue of Developmental Cell from
Pan et al. (2016) took advantage of the
fact that many GPCRs are phosphory-
lated upon ligand binding. These authors
compared global profiles of protein phos-
phorylation in response to the two chemo-
attractants—folic acid or cAMP—using
quantitative mass spectrometry. With
this distinct approach, Pan et al. (2016)
discovered that two orphan GPCRs(called folic acid receptor [fAR] 1 and 2),
out of a total of 55GPCRs inDictyostelium
cells, were specifically phosphorylated in
response to folic acid but not cAMP. Indi-
vidual gene knockout (KO) for these two
candidate proteins revealed that the loss
of fAR1 decreases cell surface binding of
fluorescently labeled folic acids in fAR1
KO Dictyostelium cells. Consistent with
its receptor function, fAR1-GFP is located
in the cell periphery. Amino acid
sequence analysis has revealed that
fAR1 belongs to the mammalian GABAB
receptor family (Prabhu and Eichinger,
2006).
Pan et al. (2016) demonstrated that
fAR1 KO cells are defective in chemo-
taxis toward folic acid, while these KO
cells normally move toward cAMP. In
addition, fAR1 KO cells are defective in
phagocytosis of K. aerogenes (a bacte-
rium commonly used as food for Dic-
tyostelium discoideum), as well as latex
beads covalently conjugated with folic
acids. Live-cell imaging of fAR KO cells
suggests that fAR is necessary for pseu-
dopod formation during chemotaxis and
phagocytosis: fAR KO cells fail to extend
pseudopods toward higher concentra-
tions of folic acid and are also unable
to generate protrusion around bacteria
or folic acid beads after physical contact
with them. It should be noted that these
KO cells can maintain an association
with the bacteria or beads, suggesting
that other proteins in the plasma mem-
brane likely mediate this interaction. In
terms of critical downstream events of
fAR1-folic acid interactions, Pan et al.
(2016) found that both PIP3 production
and actin polymerization were stimu-
lated by folic acid in a manner depen-
dent on fAR1. Biosensors revealed that
these two critical biochemical reactions
are located at phagocytic cups during
phagocytosis. Because fAR1 appears
to not accumulate at the phagocytic
cup, it is likely that fAR1 is spatially
regulated by local activation rather
than receptor enrichment at the cell-
bacteria interface. These exciting find-
ings provide evidence for a new mecha-
nism called chemoattractant-mediated
engulfment, in which the single GPCR
fAR1 couples directed cell migration to-
ward bacteria and subsequent engulf-
ment of bacteria.
The identification of the folic receptor
by Pan et al. (2016) opens up a newDevelopmental Cell 36,avenue in the field of chemotaxis and
phagocytosis and stimulatesmany impor-
tant questions. For example, if chemo-
taxis and phagocytosis are accomplished
by a signal receptor, can cAMP receptors
also mediate phagocytosis? Bacteria that
Dictyostelium cells eat do not release
cAMP, but experimentally we can coat
latex beads with cAMP and test whether
Dictyostelium cells engulf them. It is also
intriguing to determine how folic acid-
induced phosphorylation of the cyto-
plasmic tail of fAR1 regulates down-
stream signaling events and/or its
receptor function. In addition, other pro-
teins shown to be phosphorylated by folic
acid or cAMP stimulation will fuel future
studies to better understand the land-
scape of signal transduction in chemo-
taxis and phagocytosis.
In addition to receptors, the work by
Pan et al. (2016) paves the way for futures
studies to decipher precise function of
the Ga subunits, Ga2 and Ga4, in chemo-
attractant-mediated engulfment. One
may ask whether Ga2 and Ga4 activate
similar but distinct sets of downstream ef-
fectors. Because there is only one Gb in
Dictyostelium, we now have an opportu-
nity to separately dissect signaling path-
ways for the cAMP receptor-Ga2 mecha-
nism and the folic acid receptor-Ga4
mechanism on the molecular level. Given
that Ga4 is necessary for phagocytosis
of many other particles such as non-
coated beads or yeasts, this G protein
subunit most likely couples with other
GPCRs in addition to fAR1. We may also
be able swap the C-terminal tails between
cAMP and folic receptors, which are
potential biding regions for Ga subunits,
thereby re-wiring chemotactic and
phagocytic signaling and cytoskeletal
reorganization. Finally, it would also be
of great interest to determine whether
mammalian immune cells use the
chemoattractant-mediated engulfment
mechanism.REFERENCES
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Elucidating chromatin’s 3D shape is critical to understanding its function, but the fine structure of chromatin
domains remains poorly resolved. In a recent report in Nature, Boettiger et al. (2016) visualize chromatin in
super-resolution, gaining unprecedented insight into chromatin architecture.High-throughput sequencing technolo-
gies have enabled the study of chromatin
and genes at base-pair resolution. How-
ever, putting this information into the
context of a three-dimensionally orga-
nized nucleus has beenmore challenging.
One of the fundamental unsolved riddles
in genome biology is how the chromatin
fiber and chromatin domains are orga-
nized in 3D space. This question has
long gone unanswered because light mi-
croscopy has insufficient resolution to
clearly discern the chromatin fiber, and
electron microscopy, while sufficiently
powerful in theory, requires staining and
contrasting methods that mask the fine
structure of chromatin.
Boettiger et al. (2016) have taken
advantage of two game-changing break-
throughs in imaging to tackle this pivotal
issue in the field. First, they use super-res-
olution microscopy, which enables visual-
ization of chromatin structure at resolution
beyond that of the light used to generate
the image (Rust et al., 2006). Second,
they utilize a groundbreaking method,
referred to as Oligopaints, which uses
complex, custom-designed DNA oligonu-
cleotide libraries to generate fluorescence
in situ hybridization (FISH) probes that are
able to detect any region in the genome
with high efficiency and specificity (Beli-
veau et al., 2012, 2015). For their study,
Boettiger et al. selected 46 genomic do-mains in the Drosophila genome based
on their transcriptional activity and epige-
netic status, and analyzed a total of 81
regions and sub-regions within these do-
mains, ranging from 10 to 500 kb in size.
A simple, but unanswered, question
has been how the activity state of a
genome region relates to its structure.
Boettiger et al. classified each analyzed
region as active, inactive, or repressed,
based on gene transcription, histone
modifications, and binding of Polycomb,
a well-characterized complex associated
with repressed chromatin (Bickmore,
2013), and systematically measured the
volume and radius of gyration of loci in
all three types of chromatin. In line with
previous lower-resolution studies, they
find that active regions are the least
densely packaged, repressed regions
the most densely packaged, and inactive
regions fall somewhere in between.
Boettiger et al. (2016) then analyzed
in more detail the organization of hetero-
chromatic genome regions silenced
by the repressive Polycomb complex.
Biochemical studies have previously
shown that Polycomb-repressed hetero-
chromatin is denser than euchromatin
(Francis et al., 2004) and that Polycomb-
silenced regions form distinct domains
within the nucleus (Cmarko et al., 2003).
It has alsobeenknown that polymerization
of the Polycomb complex, mediated bythe SAM (sterile alpha motif) domain of
Polyhomeotic (Ph), is required for efficient
gene silencing (Robinson et al., 2012) and
for formation of the repressive chromatin
domain (Isono et al., 2013). The high-pre-
cision measurements gathered by Boet-
tiger et al. elaborate on these data and
point to Polycomb self-association as a
driving force in the organization of the
chromatin fiber in repressed domains.
The smoking gun to suggest this model
is a particularly low scaling constant in
Polycomb-repressed regions, meaning
that longer Polycomb-repressed regions
are denser than shorter regions and that
subdomains including only parts of a Pol-
ycomb-repressed region have the same
volume as the entire region (Figure 1A).
This behavior strongly suggests that the
dense folding of Polycomb-repressed re-
gions is mediated by long-range interac-
tions, which result in packing of multiple
subdomains into the same space, rather
than by short-range local interactions,
which would increase the density of each
subdomain. In support of this interpreta-
tion, a set of knockdown experiments
confirmed that all of the characteristic
chromatin features of Polycomb domains,
including condensation and the low
scaling constant, require the presence of
the self-associating component Ph.
One of the most novel and important
results reported in this study is the
